The Drosophila gene sine oculis (so) is a nuclear homeoprotein, which is required for eye development. Several homologues of so have been found in vertebrates. We report here a detailed expression analysis in chick and mouse of Six9 (Optx2), a novel gene of the Six/sine oculis family closely related to Six3. Six9 (Optx2) is first expressed at presomitic stages in the head-fold, both in the neural plate and in the underlying axial mesoderm. Thereafter, Six9 (Optx2) is strongly expressed in the presumptive and differentiating neural retina and ventral optic stalk, in the olfactory placodes, in the hypothalamus and in the pituitary gland. This expression pattern largely overlaps with that of Six3, but several differences exist between the expression domain of the two genes. At presomitic stages, the posterior boundary of Six3 expression is at the same axial level both in the prechordal plate and in the overlying neural plate. In contrast, Six9 (Optx2) expression in the prechordal plate extends more caudal to that of the neural plate, occupying a more restricted V-shaped territory. Similarly, during the early events of eye patterning, Six3 is first expressed in the entire optic vesicle and lens placode. Only later does its expression become confined to the prospective and differentiating neural retina. Conversely, Six9 (Optx2) is never observed in the lens placode of either chick and mouse, and from early stages of optic vesicle development, Six9 (Optx2) transcripts are restrained to the prospective ventral neural retina and optic stalks.
The Drosophila sine oculis (so) gene is fundamental to the proper development of the entire visual system of the fly (Cheyette et al., 1994; Serikaku and O'Tousa, 1994) . so encodes a highly divergent nuclear homeoprotein that has been proposed to form the DNA binding domain of a transcription complex that also includes the product of the eyes absent (eya) gene (Pignoni et al., 1997) . In vertebrates, a number of genes homologous to so, denoted Six genes, have been identified in different species. In addition to the homeobox domain, all members of the Six family of proteins contain a characteristic highly-conserved region, the Six domain (Oliver et al., 1995; Kawakami et al., 1996) . Notably, while the Drosophila so gene is expressed predominantly in the visual system, its vertebrate homologues are found in a variety of different regions of the developing embryo. Only Six3 has been considered as the functional orthologue of so in vertebrates because it is strongly expressed in the developing eye (Oliver et al., 1995; Bovolenta et al., 1998; Loosli et al., 1998) . However, the recent identification in zebrafish of two novel genes of the Six/sine oculis family, Six6 and Six7 (Seo et al., 1998a,b) , closely related to Six3, prompted us to search for additional members of the Six/sine oculis family, which could be involved in eye development. Here, we report the molecular cloning and a detailed expression analysis in mouse and chick of a novel Six gene, closely related to Six3. During the course of these experiments the chick gene was independently reported by Toy et al. (1998) under the name of Optx2. This notation is inappropriate for an obvious member of the vertebrate Six gene family and, therefore, we will refer to this gene as Six9 (Optx2).
Analysis of the early expression pattern of Six9 (Optx2) was obtained by whole-mount in situ hybridization in mouse and chick embryos. In the chick, Six9 (Optx2) expression was first detected at the neural-fold stage in the most anterior portion of the embryo, in a slightly more restricted pattern than that of Six3 (Fig. 1A-C) . Six9 (Optx2) RNA is localized in the head-fold, in both the neural plate and the underlying mesoderm. In the mesoderm, the expression extends more caudal than that of the neural plate ( Fig. 2A) . As the neural plate folds, Six9 (Optx2) transcripts are localized predominantly in the anterior neural plate (Figs. 1D and 2B,C) in a domain that, according to fate mapping data (Couly and Le Douarin, 1988) , comprises the eye field and the prospective hypothalamus, the pituitary gland and the olfactory placodes. The prospective telencephalic region is devoid of Six9 (Optx2) expression (Fig. 2C) . As the neural tube closes and the optic vesicles begin to expand, Six9 (Optx2) is expressed in the ventral and ros- Fig. 1 . Chick Six9 (Optx2) expression pattern and comparison with Six3 expression. Transcripts of the Six9 (Optx2) gene were analysed and compared with those of the Six3 gene by whole-mount in situ hybridization in chick embryos. Embryos were staged (St) as indicated in each panel, according to Hamburger and Hamilton (1951) . Embryos in C, F and M were hybridized with a probe specific for Six3 and all the other embryos were hybridized with a Six9 (Optx2) specific probe. Embryos are viewed: dorsally (A,C,D); ventrally (B,E-G); laterally (H,I,K). Panel J shows a ventral view, while panels L and M show a midsagital view of embryo heads. Note the expression of Six9 (Optx2) in the anterior head-fold in a V-shaped domain (arrows in B), is slightly more restricted than that of Six3 (C). Note also, the expression in the anterior neural plate (D) and optic vesicle (E), in a domain that is contained within that of Six3 (F). Note how, at later stages (G-K), Six9 (Optx2) is maintained in the eye, while in the brain expression becomes limited to the ventral forebrain caudal to the rostral neuropore (arrow in K), with the exception of an area in the dorsal portion of prosomere 3 (arrowheads in H,I). The para-sagital view of two embryos hybridized with Six9 (Optx2) (L) and Six3 (M) shows that Six3 has a wider domain of expression, both anteriorly and posteriorly (arrows in M), than that of Six9 (Optx2). Six9 (Optx2) expression is confined to the ventral forebrain in the optic chiasma and in the infundibular (pituitary) area (arrows in L). Arrow in J indicates the stronger expression in the anterior and ventral part of the eye. Abbreviation: rn, rostral neuropore. Staining is totally absent from the lens placode, the lens vesicle and the prospective pigment epithelium. (H) Strong expression is also observed in the ventral prosencephalon caudal to the rostral neuropore and in a patch corresponding to the dorsal portion of prosomere 3 (arrow). Comparison of section in I,J,K and L demonstrates how Six9 (Optx2) is strongly expressed in the anterior and ventral optic stalk (section in J is tilted and the left part is anterior to the right part), in the infundibular (pituitary) and in the hypothalamic regions (L). Additional expression was observed in the olfactory placodes (K). Abbreviations: a, anterior; d, dorsal; hy, hypothalamus; in, infundibulum; lp, lens placode; lv, lens vesicle; mb, midbrain; nr, neural retina; op, olfactory placode; os, optic stalk; ov, optic vesicle; p, posterior; pcp, prechordal plate; pe, pigment epithelium; pnr, presumptive neural retina; ppe, presumptive pigment epithelium; r1, rhombomere 1; rn, rostral neuropore; v, ventral; vs, ventral optic stalk.
tral-most portion of the neural tube in a domain that is now more clearly contained within that of Six3 expression (Fig.  1E,F) . Thus, Six9 (Optx2) is strongly expressed in the rostral neuropore and in the ventral and rostral aspect of the optic vesicle with a boundary that corresponds to the prospective limit between neural and pigment retina (Fig. 2D-F) . Six9 (Optx2) transcripts were always detected with a clear ventral-to-dorsal and anterior-to-posterior gradient in the prospective and differentiating neural retina (Figs. 1J and 2G, K) . No expression was ever detected in the prospective and differentiating pigment epithelium. In addition, Six9 (Optx2) appears to be expressed in the ectoderm overlying the optic vesicle but no expression of Six9 (Optx2) was ever observed in the lens placode or in the lens vesicle (Fig. 2D-F,J,K) . It should be noted that the lack of Six9 (Optx2) expression in the lens placode is in clear contrast with the data reported by Toy et al. (1998) .
As the neural tube bends forward, the domain of Six9 (Optx2) expression becomes totally confined to the ventral forebrain caudal to the rostral neuropore . No Six9 (Optx2) signal was detected in the region of the prospective forebrain dorsal to the rostral neuropore, with the exception of an area corresponding to the dorsal portion of prosomere 3 (Rubenstein et al., 1997) . In this area, Six9 (Optx2) transcripts were transiently detected between stage 13 and 17 (Fig. 1H,I and 2H). As brain structures begin to differentiate, Six9 (Optx2) RNA was detected in the ventral optic stalks (Fig. 2J,L) , in the region of the optic chiasma (Fig. 3L) , in the olfactory placode and in the hypothalamic region (Fig. 2K,L) . Finally, Six9 (Optx2) expression was particularly abundant in the infundibular region, from which the pituitary gland derives (Figs. 1J,L and 2I,J). Overall, this domain of expression is more restricted than that observed for Six3 (Fig. 1M) (Bovolenta et al., 1998) . No expression of Six9 (Optx2) was ever observed in the body at any of the stages analysed.
As shown in Fig. 3 , the pattern of expression for Six9 (Optx2) is highly conserved in mouse, where Six9 (Optx2) is localized to the developing neural retina, the ventral optic stalk, the hypothalamic and the pituitary regions. As in the chick, no expression of Six9 (Optx2) was ever observed in the lens or in the pigment epithelium (Fig. 3E-G ).
Materials and methods

Cloning and sequencing of the mouse and chick Six9 (Optx2) genes
The mouse and chick Six9 (Optx2) genes were isolated by RT-PCR using primers designed on the human genomic clone (Gallardo et al., unpublished) . Briefly, reverse transcription was performed on 1 mg of total RNA prepared from whole eyes obtained from mouse and chick embryos of 12 and 3 days of gestation, respectively, using an oligo-(dT) as a primer and MMLV reverse transcriptase (Amersham, Cleveland, Ohio) . Amplifications were performed with the following primers: forward (CTCGATGTTC-CAGCTGCCC); reverse (CTCAGATGTCG-CACTCGCTGTCGCTG). After 30 s of denaturation (94ºC), 30 cycles of amplification were performed in the following conditions: 30 s at 94°C, 30 s at 55°C, 1 min at 72°C. In the last cycle, the elongation time was prolonged to 5 min. The amplified fragments were subcloned into pBluescript SK plus (Stratagene, La Jolla, CA). Sequencing of the cloned fragments of the Six9 (Optx2) genes was performed automatically with an ABI-377 sequencer (Applied Biosystem), using a dye terminator cycle sequencing KIT (PerkinElmer). Direct sequencing of PCR products was always Fig. 3 . Six9 (Optx2) expression pattern is conserved in the mouse. Wholemount in situ hybridization shows the expression of Six9 (Optx2) in mice of embryonic day (E) 9.5 (A,B) and E 10.5 (C,D). The images show lateral (A,C) and ventral (B,D) views of the embryos heads. Frontal paraffin sections show the detailed expression of Six9 (Optx2) in the eye region of E 9.5 (E), E 10.5 (F) and E 13 (G) embryos. Note how the expression is localized in the eye (A,C) and in the hypothalamic and pituitary areas (arrows in B,D). Note also that Six9 (Optx2) transcripts are localized to the ventral optic vesicle (E), the prospective (F) and differentiating neural retina (G), the optic stalk (G), the infundibular region (arrow in E) and the region of the optic chiasma (arrow in G). As in chick, no expression is observed in the prospective or differentiating pigment epithelium or in the lens placode. Abbreviations: lp, lens placode; lv, lens vesicle; os, optic stalk; ov, optic vesicle; pnr, presumptive neural retina; ppe, presumptive pigment epithelium. performed after purification of the fragments using Wizard PCR Preps DNA Purification System (Promega). The nucleotide sequence data of the Six9 (Optx2) genes appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under the accession No. AJ011787 (mouse); No. AJ011786 (chick).
In situ hybridization
Digoxigenin-labelled Six9 (Optx2) and Six3 specific probes were generated as follows: chick Six3 from cDNA fragment nucleotide 428 to 1204 (Accession No. Y15106); chick Six9 (Optx2) from 299 to 705 (Accession No. AJ011786) and mouse Six9 (Optx2) from 299 to 742 (Accession No. AJ011787). Whole-mount in situ hybridization was performed as previously described (Bovolenta et al., 1997) on chick embryos staged between stage (St) 4 and St 24, according to Hamburger and Hamilton, 1951 , and on Balb/c mice of ages comprised between E 7.5 and E 13. All embryos were fixed in 4% paraformaldehyde in 0.1 M Phosphate Buffer, pH 7.3 at 4ºC between 3 h and overnight, depending on the size of the embryos. The hybridizations were carried out at 65°C in 50% formamide in acidic pH. Post-hybridization washes were performed at the same temperature and in the same buffer. After hybridization, embryos were photographed, dehydrated, embedded in Paraplast and sectioned in a microtome at 12 mm. Sections were cleared in xylene, dehydrated and mounted with DePex.
